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Experimental study of a shock-decelerated ablation front is reported. A 

planar solid plastic target is accelerated by a laser across a vacuum gap and 

collides with a lower-density plastic foam layer. While the target is accelerated, a 

fast Rayleigh-Taylor (RT) growth of the seeded single-mode perturbation at the 

ablation front is observed. After the collision, the velocity of the ablation front is 

seen to remain constant. The re-shock quenches the RT growth but does not 

trigger any Richtmyer-Meshkov growth at the ablation front, which is shown to 

be consistent with both theory and simulations. 
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Instability of the ablation front in the imploded laser target remains one of the key 

issues of laser fusion. Ignition and high gain are only possible if the Rayleigh-Taylor 

(RT) growth of the perturbations seeded in the vicinity of the ablation front remains 

within reasonable limits throughout the acceleration and deceleration phases of the 

implosion. The exponentially growing RT eigenmodes are developed from the target and 

irradiation non-uniformities through the physical process called RT seeding. Seeding 

proceeds during the early phase of the implosion when the target is being compressed, 

before it starts to accelerate. A major role in the RT seeding is played by the interaction 

of the shock and rarefaction waves in the target with the ablation front via a variety of 

mechanisms such as ablative Richtmyer-Meshkov (RM) instability [1-7] and feedout [4, 

7-12].  

Interaction of multiple shock waves with ablation fronts plays a particularly 

important role in the new approaches to direct-drive laser fusion, such as shock ignition 

[13] and multiple-picket target adiabat shaping [14]. Shock ignition [13] requires a fast 

re-compression of an expanding central hot spot with a converging shock wave driven by 

a short, powerful “ignitor” laser pulse irradiating the target at peak compression. The 

strong ignitor shock wave re-shocks the inner shell surface (the boundary of the hot spot), 

which itself represents an ablation front [15]. The multiple-picket approach [14] replaces 

a constant-intensity “foot” or a gradual rise of the laser pulse with several short pulses, 

which drive shocks into the target through the ablation front.  

Our experiments on the Nike laser at the Naval Research Laboratory (NRL) are 

aimed at obtaining observational data and thereby at improving our understanding of the 

dynamics of shocked ablation fronts, propagation and interactions of shock and 
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rarefaction waves, and perturbation development in accelerated, coasting and decelerated 

targets. The experiments presented here were made possible by improving the imaging 

capability of our x-ray diagnostics. 

 A shocked material interface exhibits the classical RM instability [16]. An 

ablation front responds to a shock wave in a different way. Theory, simulations and 

experiments [1-7] are all in agreement that a shocked ablation front is stable. When 

ramped laser intensity drives a shock wave through the ablation front into the dense 

target, the ablation front experiences small-amplitude, low-frequency decaying 

oscillations. The mechanisms that make the ablation front stable with respect to the RM-

type growth [17], unlike a material interface,  are: 1) the “rocket effect” [18] or “dynamic 

overpressure” [2], which provides the restoring force causing the oscillations, and 2) the 

mass flow through the ablation front, which is responsible for their damping (see the 

detailed discussion in [2, 4, 6]). 

 All the simulations and experiments reported so far [1-7] refer to the “light-to-

heavy” case, when the shock wave originates at the ablation front and propagates from it 

into the dense target plasma. According to the theory [2, 6], stability of a non-accelerated 

ablation front is an intrinsic property. Therefore the theory predicts that the ablation front 

should remain stable even when the shock wave arrives from the dense target plasma (the 

“heavy-to-light” case). This prediction has never been tested before. We report the results 

of experiments and simulations designed to test the theory for this case. 

 Figure 1 illustrates our target design and the diagnostics. The targets consist of a 

25-30 μm thick planar plastic (CH)  foil rippled on the rear side (single-mode ripple 

wavelength 45=λ μm, peak-to-valley amplitude 2 μm) and a ~200 μm thick planar 
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layer of divinyl benzene foam (10-20% of solid CH density) separated from the CH foil 

by a 100-120 μm wide vacuum gap. The front side of the plastic foil is irradiated by 37 

overlapping beams of the Nike krypton fluoride laser ( 248=Lλ nm) [19]. The Nike laser 

produces a very uniform irradiation with a time-averaged rms non-uniformity <0.3% in a 

central region of the focal spot, which is 400 μm in diameter. The Nike pulse used in our 

experiments has a nearly rectangular temporal shape with a 4 ns FWHM, 0.4 ns rise time 

(see the insert in Fig. 1).  

We have improved our diagnostics to enable a detailed simultaneous study of the 

one-dimensional (1D) dynamics of shock and ablation fronts (side-on imaging) and the 

two-dimensional (2D) areal mass perturbation development in laser-driven targets (face-

on imaging). The Nike orthogonal monochromatic x-ray imaging system is based on 

Bragg reflection from spherically curved crystals [3, 4, 7, 20]. The energy of 12 Nike 

beams, ~500 J, is delivered to one or two silicon backlighter targets producing x rays that 

backlight and/or sidelight the main target for about 5 ns. A spherically curved quartz 

crystal selects the resonance line of the He-like Si (1.86 keV) and projects a 

monochromatic image of the target on the slit of the x-ray streak camera. Face-on and 

side-on images are formed by two separate backlighters and spherically bent crystals. The 

face-on streak record (Fig. 1, right) shows the 2D evolution of areal mass perturbations in 

the target [3, 4, 7, 12, 21]. The monochromatic x-ray imaging makes it possible to 

translate the observed modulation of the optical thickness directly into the modulation of 

the areal mass.  The side-on streak records (left) show the 1D time history of the CH foil 

acceleration, plastic-on-foam collision, the propagation of shock waves and the dynamics 

of the ablation front. Obtaining unambiguous side-on images of extended targets is not 
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easy since the line of sight parallel to the target surface inevitably includes areas 

illuminated by laser flux densities ranging from zero to the maximum. Alignment of a 

double-foil target with the gap of 75-100 μm also presents a challenge.  We substantially 

mitigated both problems by using narrow targets with the width close to the central part 

of the focal distribution (~500 μm), see Fig. 1. 

 Figure 2 demonstrates the simulated and observed 1D time history of a collision 

for a target with a 30 μm thick CH foil separated by a 120 μm gap from a 200 μm thick, 

10% solid CH density foam layer.  Figure 2(a) is a simulated density map on the ),( tx

plane. The laser irradiation drives a strong shock wave into the CH foil, compresses it 

and sets it into the motion at constant mass velocity that is associated with the shock 

wave. Before the start of its acceleration, the trajectory of the ablation front on the ),( tx

plane is straight. The compressed CH foil plasma starts to accelerate following the break-

out of this shock at its rear surface, when the rarefaction wave reflected from it reaches 

the ablation front ( 4.1≈t  ns). The acceleration makes the trajectory of the ablation front 

on the ),( tx  plane convex. Then at 3≈t ns the foil accelerated to ~107 cm/s collides with 

the foam layer. Simulations indicate that the collision briefly produces a pressure of ~30 

Mbar, which is 3.5 times greater than the pressure ~8 Mbar maintained by the laser at the 

ablation front. This pressure pulse generates two strong shock waves. One of them 

propagates forward into the thick foam layer, while the other propagates back into the 

thin, compressed and partly ablated CH foil plasma. The ablation front is re-shocked 

from the dense plasma side. The ablation front rapidly decompresses from the high shock 

pressure to ~8 Mbar. The rarefaction wave that emerges from the ablation front at the 

instant of its re-shock carries the reduced pressure back to the shock wave propagating 
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into the foam, rapidly slowing it down. This shock is then fully determined by the 

ablative pressure maintained by the laser ablation and the foam density, as evidenced by 

the shape of this shock’s ),( tx  trajectory on Fig. 2(a), which is concave for a short time 

interval, and then a straight line after 2.3≈t ns. The re-shock impulsively changes the 

velocity of the ablation front, which then stays constant, and its ),( tx  trajectory becomes 

straight again starting from 1.3≈t  ns. 

 The 1D dynamics of the foil acceleration and collision is visible in the side-on 

streak record shown in Fig. 2(b) in greater detail than ever before. We observe the shock 

compression of the CH foil and its subsequent evolution into a constant-mass-velocity 

motion (straight ),( tx  trajectory), which is followed by its acceleration (parabolic ),( tx

trajectory) and then by its collision with the foam layer. After the collision, the observed 

),( tx  trajectory of the ablation front becomes straight again, confirming that its 

acceleration indeed ends at collision.  

Figure 3 compares velocities of the shocks in 10% solid density foam produced 

by direct irradiation of the foam with Nike beams (a) and by collision of the laser-

accelerated CH foil with the foam layer (b). The slope of the dashed lines exactly 

corresponds to the shock velocity in the latter case, averaged from the instant of collision 

to the observed shock breakout at the rear surface, and it is very close to the observed 

velocity of the shock wave driven into the foam directly by the laser. The constant 

velocities of the shock front in the foam and of the ablation fronts at this stage are fully 

determined by the ablative pressure maintained by the laser and the foam density. 

 Observed and simulated evolution of the dominant Fourier mode of the areal mass 

modulation is shown in Fig 4. The thick lines with approximate error bars present the 
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experimental data from the face-on images. The pink line corresponds to the same 

conditions as Fig. 2, the light blue line to a higher foam density: 10% and 20% of solid, 

respectively. The signal is normalized with respect to its initial value corresponding to the 

peak-to-valley 2 μm ripple amplitude of solid plastic. The small time shift between these 

two curves prior to the collision is due to a combination of difference in the actual foil 

thickness and the timing relative to the start of the laser pulse. Thin red and blue lines 

show the simulation results obtained in two-dimensional simulations for the same 

conditions as pink and light blue lines, respectively, using the FAST2D hydrocode 

developed at NRL [22] with plasma radiation taken into account. 

 After the start of the laser pulse, the simulated time histories show the each of the 

areal mass modulation amplitudes mδ  passes through a minimum, changes its phase 

twice, and then starts to grow. This is a signature of the lateral mass redistribution in the 

rippled rarefaction wave emerged from the rippled rear surface of the CH foil after the 

shock breakout, as explained in [11] and observed  in our experiments [4, 12] (for details, 

see the Appendix [23]).  Figure 4 shows that the early-time minimum and two phase 

reversals are not well-resolved in this experiment because our CH foil is thinner than 

those used in [4, 12], and mδ  near the minimum is very small. Our observations are 

nevertheless consistent with the presence of this minimum and with the corresponding 

delay in the onset of the RT growth. 

 The RT growth is quenched when the collision occurs and the ablation front is re-

shocked. A re-shock of a material interface would (re)start a classical RM growth of its 

perturbations. Since the linear RM growth rate is proportional to the initial ripple 

amplitude [16], a “heavy-to-light” re-shock of a material interface after a substantial RT 
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or RM amplification of its non-uniformities would give rise to a rapid growth of the areal 

mass modulation amplitude in the negative direction, implying a quick reversal of its 

phase [24]. A similar increase of the RM growth rate at a re-shocked interface has been 

observed in shock-tube experiments [25]. Our results presented in Fig. 4 do not 

demonstrate such a behavior. Instead, the growth of the areal mass modulation amplitude 

is seen to end with the re-shock and to be followed by decaying oscillations around a 

nonzero average value. This effect is robust and caused entirely by the collision. As 

demonstrated in the Appendix [23], the quenching is not due to nonlinear saturation or 

any other mechanism that would slow down the RT growth in the absence of the 

collision. 

 Decaying oscillations of a non-accelerated ablation front have been predicted [1, 

2] and observed [3-5] during the early-time shock compression stage.  It must be 

emphasized that the oscillations seen in Fig. 4 are of a different nature. First, their 

frequency is much higher than that of the slow oscillations of the ablation front driven by 

the “rocket effect” [18], which for our experimental conditions is <0.1 ns−1 [4]. Second, 

these are oscillations around a non-zero average, hence the ablation front ripples, which 

provide the largest contribution to the observed areal mass modulation amplitude mδ , do 

not change phase. On the other hand, the simulated and observed oscillation period, ~1 

ns, is close to the sound wave period sc/λ , where 45=λ μm, and the speed of sound sc

in the re-shocked foil plasma is estimated from the simulations to be 6105~ × cm/s. The 

observed time history of mδ therefore involves fast areal mass oscillations in the rippled 

rarefaction wave [4, 11, 12] that emerges from the ablation front after the re-shock,  

superimposed upon the slow, also oscillatory, evolution due to the ablative RM instability 
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[1-7]. Indeed, all our simulation results show that the changes in mδ  after the collision 

accumulate in the volume of the plasma rather than near the ablation front [23]. 

 To summarize, we report the first observations of perturbation evolution in an 

ablation front, which is shocked from the dense plasma side. The plasma flow produced 

this way has much in common with the previously studied cases of ablative RM 

instability (triggered when a shock wave is launched from the ablation front to the target 

plasma [1-7]) and feedout (started when a shock wave breaks out at the free rear surface 

of the target [4, 8-12]). Like the latter case, the process we observe starts when a shock 

wave breaks out and generates a rarefaction wave. Like the former case, the shocked 

surface is an ablation front. Our observations prove that the ablation front becomes stable 

as soon as its acceleration stops. Dynamics of the ablation front are directly observed, 

including the period of its motion following the collision of the laser-accelerated foil with 

a low-density foam layer, when its velocity stays constant after the re-shock. We observe 

the RT growth of the perturbations prior to the re-shock and the quenching of the growth 

thereafter. Thus we have demonstrated that the stability properties of an ablation front 

after its acceleration ends are the same as before its acceleration starts, in agreement with 

the theory [2, 6]. 

The authors acknowledge the excellent technical support of Nike Laser Crew. 

This work was supported by the U. S. Department of Energy, Defense Programs. 
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Figure captions

Figure 1. Orthogonal x-ray imaging diagnostics implemented on the Nike laser.  

Figure 2. Simulated density map (a) and side-on x-ray streak record (b) for a CH foil 

collision with a foam layer.  

Figure 3. Side-on x-ray streak records for a directly irradiated 10% solid density foam 

layer (a) and a CH foil colliding with such a layer (b).  

Figure 4. Observed (thick, with approximate error bars) and simulated (thin lines) time 

history of the areal mass modulation amplitude in the target. Arrow indicates the instant 

of re-shock on simulated lines.  
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Figure 1.  
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Figure 2.  
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Figure 3.  
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Figure 4.  
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